Background: It has been suggested that family history information may be effective in motivating people to adopt health promoting behaviour. The aim was to determine if diabetic familial risk information by using a web-based tool leads to improved self-reported risk-reducing behaviour among individuals with a diabetic family history, without causing false reassurance among those without a family history. Methods: An online sample of 1,174 healthy adults aged 35-65 years with a BMI ≥ 25 was randomized into two groups receiving an online diabetes risk assessment. Both arms received general tailored diabetes prevention information, whilst the intervention arm also received familial risk information after completing a detailed family history questionnaire. Separate analysis was performed for four groups (family history group: 286 control versus 288 intervention group; no family history: 269 control versus 266 intervention group). Primary outcomes were selfreported behavioural outcomes: fat intake, physical activity, and attitudes towards diabetes testing. Secondary outcomes were illness and risk perceptions.
Background
Type 2 diabetes is increasingly common due to lifestyle factors (physical inactivity, unhealthy diet) [1] . There is convincing evidence from intervention studies in highrisk groups (e.g. overweight people) that weight loss, healthy diet and physical activity can delay or even prevent the onset of diabetes [2] . However, current behavioural programs aimed at diabetes prevention that use general health messages have limited effect [3] . Besides lifestyle factors, family history is an important and independent risk factor for diabetes [4] . Being at familial risk reflects the consequences of genetic predisposition, shared environment and common behaviours. Family history may be used to identify individuals at risk for diabetes and to influence early detection [5] . Besides, it has been suggested that family history information can be used to personalize health messages for individuals at risk, which may be more effective in motivating them to adopt a healthy lifestyle than general health messages [6] . Individuals with a diabetes family history have difficulty understanding the complex interaction between genetic and behavioural causes of diabetes and have limited concerns about getting the disease [7] [8] [9] , which confines their motivation to adopt health promoting behaviour. Familial risk information resulted in increase diabetes risk perception among those who underestimated their risk [10] .
Theories of health behaviour show that risk perception (threat appraisal) [11] , as well as illness perceptions, such as causal beliefs and personal control over the risk [12] , are important factors associated with motivation to engage in preventive behaviours. Since individual's perceived risk of disease does not correspond to their actual risk, interventions need to be developed to reduce the mismatch, and to improve awareness of the multifactorial nature of diabetes [7, 9] . The latter includes the relevance of a familial risk. Although there has been concern that emphasizing family history may lead to adverse psychological effects, there is no evidence that informing individuals about their familial risk might cause psychological harm [13] [14] [15] or leads to a decrease of perceived personal control over the risk (fatalism) [16] .
A recent study showed that individuals who received diabetic familial risk in a face-to-face consultation reported higher engagement in risk-reducing behaviours [14] . However, if family history information is used as a public health strategy, then it is necessary to develop a tool that is simple, easily applied, and adaptable to different settings [5, 17] . Computer tailoring is seen as an effective way to mimic interpersonal contact, since personalized feedback is provided by means of electronic questions [18] . The advantage of computer tailored information is the possibility to reach a larger number of individuals. A consequence of exploring familial risk in the general population is that individuals with no family history will also be highlighted. This could be problematic since individuals without a diabetes family history might erroneously believe that having no family history indicates that they are not at risk of diabetes, in other words, lead to false reassurance [19] . This belief may lead to unintentional adverse effects, such as reduced motivation to change behaviour, justification of unhealthy behaviour, and delayed seeking of medical advice [20] . Among individuals without a family history the question of false reassurance needs further exploration. In the literature, there is no clear operational definition of false reassurance. In this study it is represented by reduced risk perception and as a consequence less risk-reducing behaviour, as has been done in other studies [21, 22] .
The aim of this study was to determine the effect of tailored web-based diabetic familial risk information on risk-reducing behaviour and perceptions of individuals. Research questions are:
What is the impact of familial risk information on riskreducing behaviour and illness and risk perceptions of individuals with a diabetes family history? 2. Does an intervention that emphasizes familial risk information result in false reassurance among individuals without a diabetes family history?
Methods
The Preventing Diabetes Controlled Trial (PreDiCT) was registered at the Dutch Trial Register (NTR1938) and approved by the VU University Medical Center Ethical Committee.
Participants and procedure
Study participants were recruited from an independent certified research agency. The research agency provided credit points that could be redeemed for gift cards to encourage participation. People with one (or more) first-degree relative with diabetes (23%) were identified using a single-item family history question, a month prior to recruitment for the study (April 2009), as part of a larger online general survey of the research agency sampling frame of 88,568. To ensure the trial was adequately powered, 4,100 people were recruited (see sample size section). A random sample of 2,900 individuals with a diabetes family history and 1,200 individuals without a family history respectively were drawn by block randomization. Participants were not aware of being selected because of their familial risk. The study procedure, including the selection and enrolment of participants, is shown in the flow diagram in Figure 1 
Intervention
The design of the web-based information for the intervention arm was based on the results of earlier studies [7, 14] . Both groups received general tailored diabetes prevention information, whilst the intervention group also received information based on familial risk (See Additional file 1: Table S1 ). All participants were informed that the study was to determine the best way to advise people about their diabetes risk and were thus blinded for study groups.
General web-based information (control group)
-Participants received general information about type 2 diabetes, consisting of a simplified explanation of the metabolic disorder, the diabetes consequences, and main risk factors (not including family history). The effectiveness of preventive options were explained in a bar chart (Figure 2a ), indicating that they can reduce their risk by half by adopting a healthy lifestyle. -Diabetes risk was assessed using a Diabetes Risk Test [23] After completing the post-test study questionnaire, all participants were invited to visit an evidence based computer-tailored lifestyle modification tool advising on approaches to reduce saturated fat intake and improve physical activity (www.leefgezondcoach.nl) [24] . This lifestyle information was not part of the web-based intervention, but was included to give participants the option to reduce their diabetes risk.
Intervention web-based information (intervention group)
As well as general information, described above, the intervention comprised:
-Advice that familial risk increases with the number and kinship of affected relatives. Further, the multifactorial character of type 2 diabetes was explained by presenting the proportion of various risk factors that contributed to the overall risk in a pair of bar charts (Figure 2b ), explicitly identifying contribution of familial risk (genetic predisposition). -Instead of the simple family history enquiry, participants in the intervention group completed a detailed and systematic family history questionnaire [25] . First participants had to indicate their number of children and siblings, and the number of both paternal or maternal aunts and uncles. Subsequently, they could indicate for each first and second-degree relative whether they were diagnosed with diabetes or whether they did not know this. -Besides the Diabetes Risk Test result, participants with a family history also received feedback about the total number of affected relatives based on their family history assessment. The bar chart ( Figure 2b ) was presented a second time.
Outcome measures
Online questionnaires were administered at baseline, immediately post-test and after three months. In the control arm, the 3-month assessment included the detailed questionnaire to assess family history in this group.
Individuals with family history (research question 1)
Primary outcomes Saturated fat intake was assessed with a validated food frequency questionnaire (FFQ) of 35-items, which measured the intake of food products that contribute most to saturated fat intake in the Netherlands [26] . A score for saturated fat intake, ranging from 0 to 80, was computed. The saturated fat score was not classified into categories, but was handled as a continuous variable, since an increase or decrease of 1 fat point is already an important change as has been shown by Oenema et al. [24] . Physical activity was assessed using the short version of the International Physical Activity Questionnaire (IPAQ) that measures frequency and duration of physical activity in the past 7 days [27] . According to the IPAQ data processing guidelines, participants were classified in a categorical score of three levels of physical activity: low, moderate, and high. Additionally participants were asked to indicate how many days a week they were physically active altogether for at least 30 minutes with, e.g. walking in fast pace, cycling, severe housekeeping, heavy work, gardening or sports. Attitudes towards testing for diabetes were assessed by a statement with 3 attitude items: "I think that regular (e.g. yearly) testing for diabetes with a blood glucose test is…" (not important [1] -important [7] ; a bad idea [1] -a good idea [7] ; not self-evident [1] -self-evident [7] ). The 3 attitude items were combined in a scale, as internal consistency between the items was good (Cronbach's alpha (α) was 0.88). Secondary outcomes Illness and risk perceptions were assessed at baseline and immediately post-test. To assess causal beliefs participants were asked to indicate the extent to which they believed different items could be a cause of diabetes (definitely not [1] -definitely [5] ). This was based on the revised form of the Illness Perception Questionnaire [28] and comprised five items: heredity (diabetes runs in the family), predisposition, physical activity, healthy diet, being overweight. Personal control over developing diabetes was assessed using a 3-items scale (α =0.67): "There is a lot I can do to prevent getting diabetes", "There is nothing I can do to decrease my risk of getting diabetes" (reversed), "I am definitely able to influence my risk of getting diabetes" (completely disagree [1] -completely agree [5] ). Perceived risk was assessed by a single item: "In your opinion, what is the chance of you getting diabetes compared to an average man/woman your age?" (a lot lower [1] -a lot higher [7] ).
To assess diabetes risk worry, participants were asked to indicate their feelings when thinking about their chance of getting diabetes using a 7-point rating scale for two worry items (α =0.92) (no fear at all [1] -a lot of fear [7] , not worried at all [1] -very worried [7] ).
Individuals without family history (research question 2)
The primary outcome measure used to assess false reassurance was risk-reducing behaviour change and secondary outcome was perceived risk.
Socio-demographics Socio-demographic variables (sex, age, ethnicity, educational level) were provided by the online research agency. Self-reported waist circumference, weight, and length were acquired from the baseline questionnaire.
Sample size
In both research questions we hypothesized that there would be a change in risk-reducing behaviour. Sample size was calculated for all three risk-reducing behavioural outcome measures. The largest sample was required to demonstrate a change in fat intake, and thus this sample size is presented here (other sample size calculations see Additional file 2). Based on a significance level of 0.05 and a power of 0.80, the largest sample size for change in risk-reducing behaviour between baseline and 3-month follow-up was 291 subjects, based on a relative difference of 1.1 point on fat intake (range 0 -80). The expectations of this effect (1.1) were based on results of a previous web-based trial [24] .
Statistical analyses
To identify predictors of participation and loss to follow-up, logistic regression analyses, with participation in trial (yes/no) and loss to follow-up (yes/no) as the dependent variable, were conducted. Independent variables were sex, age, education, BMI, and for loss to follow-up also baseline measures of physical activity level, fat intake, and attitudes towards testing for diabetes. Logistic regression analyses were conducted with study group as dependent variable to examine the similarity of the study groups at baseline. Independent variables for this analysis were sex, age, education, BMI, and follow-up measures of the detailed family history questionnaire. Chi-square tests were used to test for differences on the Diabetes Risk Test result between study groups. Linear regression analyses were conducted to test for follow-up group differences in outcome measures, with the follow-up measurement (3-month for behavioural outcomes and post-test for perceptions) of the outcomes as dependent variable, and study group and the baseline score of the outcome indicator as independent variables. Furthermore, we checked for effect modifiers in the analyses. Effect modification was defined as a significant (p<0.1) interaction term between the study group and variable of interest. In case of effect modification subgroup analyses were performed on the modifying variable. All analyses were performed as was intended according to the study protocol. The data were analyzed using SPSS version 18.0.
Results

Participants
Of the 1,300 participants randomly selected to participate in the web-based intervention, at 3-month followup 1,120 completed the questionnaire (86% response rate) (Figure 1 ). Response analyses showed no differences between participants and those who refused participation. No differences were found between individuals who were lost to follow-up after three months and respondents who completed all questionnaires (see Additional file 3: Table  S3 and Additional file 4: Table S4 ). Baseline characteristics of the participants are shown in Table 1 . In both cohorts of participants (with and without family history) there were no differences between the intervention and control group on these measures, as well as on baseline measures of the behavioural outcomes. Table 2 shows the scores on behavioural outcomes and illness and risk perceptions for baseline and the followup measurements for individuals with and without a family history and the outcomes of the regression analyses. Familial risk communication had no effect on saturated fat intake, physical activity level, or attitudes towards testing for diabetes. Education level was an effect modifier for the effect on saturated fat intake, therefore subgroup analyses were performed. A decrease in self-reported saturated fat intake for low-educated individuals in the intervention group when compared to the control group was found (Beta (b) -1.01, 95% confidence interval −2.01 to 0.00), whereas there was no effect for middle (b-0.37 (−0.51 to 1.25) and high educated individuals (b −0.61,-1.66 to 0.44). There was no effect of familial risk communication on causal beliefs, perceived personal control, and risk perception. However, there was a lower increase in worries about diabetes risk for individuals in the intervention group (b −0.21,-0.40 to −0.03). Table 3 shows that as a consequence of using a detailed familial risk assessment a greater proportion of individuals in the intervention group (96.2%) had a risk of 20 in 100 (highest diabetes risk result) compared to those in the control group (85.7%) within the cohort of individuals with a family history.
Individuals with family history
Individuals without family history
Specifying the impact of familial risk of diabetes had no significant effect of the intervention on self-reported fat intake (b −0.49, -1.00 to 0.05), physical activity (b 0.06, -0.05 to 0.18), or attitudes towards diabetes testing (b −0.03, -0.20 to 0.13) in the none-family history group (Table 2 ). There was also no significant effect on perceived risk of diabetes in this group of participants (b −0.12, -0.29 to 0.04). In the intervention group there were higher scores for the perception that heredity 
Discussion
Overall, the addition of family history information to the web-based general diabetic risk information did not result in improvements in risk behaviour among participants with a diabetes family history. However, there are promising results for low-educated individuals, they were more likely to reduce their saturated fat intake. Also, the information reduced worry related to diabetic risk among participants with a family history. For individuals without relevant family histories, the emphasis on familial risk information did not result in false reassurance as demonstrated by no significant difference in risk-reducing behaviour and diabetes risk perception. Furthermore, a detailed family history assessment resulted in a greater percentage of individuals at familial risk for diabetes compared to a simple enquiry.
Individuals with a family history
In contrast to findings in this study, an observational study and two controlled trials, that examined the impact of informing people about their familial risk for type 2 diabetes, reported increased self-reported riskreducing behaviour [14, 29, 30] . These studies, however, involved a consultation with a health care professional. Perhaps, in that setting, the professional providing the The number of participants is those who were analyzed for the study. As assessed with the detailed family history questionnaire, high familial risk for diabetes refers to at least 2 affected first-degree relatives or at least 3 affected maternal or paternal relatives from the same lineage; moderate refers to 1 affected first degree relative, or 2 affected maternal or paternal second degree relatives from the same lineage; average refers to all others [43] . 
Illness and risk perceptions
Causal beliefs (1-5) Data are means ± SD or percentages. * The numbers are based on the availability of the detailed questionnaire to assess family history. † Follow-up for illness and risk perception is directly post-test. For behavioural outcomes after three months. ‡
The interpretation of the regression coefficient (b) for e.g. the illness perception diabetes risk worry (−0.21) would be that an individual in the intervention group will score 0.21 less on the perception of worries about their diabetes risk compared to an individual in the control group, when baseline values for diabetes risk would be similar. § About 6% of the participants is missing due to data cleaning according the IPAQ data processing guidelines.
information could verify whether people understood the complex interaction of genetic and behavioural causes and was able to give additional feedback and support. Moreover, individualized messages tailored to specific characteristics and knowledge of individuals about familial risk information personalized the risk, thus may be more persuasive than general healthy lifestyle advice, e.g. eat healthy [6] . It has been previously described that computer tailoring, as was performed in this study, lack features to imitate all characteristics of personal contact, since it mostly does not allow direct interaction between the respondent and the education expert [31] . Further, people might be more familiar with face-to-face contact.
It was demonstrated in a study of Ziegellmann et al. [32] that middle aged individuals (40-54 years) benefit more from an interviewer assisted consultation, than a selfadministered physical activity promoting intervention. Lower socioeconomic groups often engage more in unhealthy behaviours [33] , whilst interventions to improve health behaviours may result in greater uptake of the message in higher socioeconomic groups, resulting in an rising social inequality in health [34] . This population-wide study suggests an effect of familial risk information on saturated fat intake for low-educated individuals. This is consistent with another populationwide community-based health education intervention showing an improvement in fat intake among a loweducated population [35] . Further, low-educated individuals were more positive towards tailored dietary fat-feedback in earlier studies as compared to higher educated individuals [36] . Also, it was shown that overweight individuals are more likely to revisit a website, possibly because of the non-stigmatizing way of addressing body weight through the internet [37] .
The incidental finding that 10% more individuals were classified at high diabetes risk (20 in 100 for getting diabetes within five years) in the intervention arm, suggests that incorporating a detailed family history questionnaire into the web-based assessment tool enhanced identification of individuals at high risk due to more accurate ascertainment of familial risk. This is supported by a related study [26] and has also been shown among persons with high cardiovascular risk in primary care practice [38] .Currently the number of (online) selfadministered risk assessment tools for common diseases is increasing. These tools often limit family history enquiry to a single question [23, 39] . Integrating a detailed family history questionnaire to these risk assessments might result in a higher number of participants that will be identified as having a high diabetes risk, however this may take more effort.
A high baseline score in individuals with a family history on the questions enquiring about the perception that a cause of diabetes is heredity and predisposition left little room for improvement. This finding might indicate that individuals with a family history are already aware of family history as a risk factor. This is in line with earlier findings, that individuals with a family history indicated a parental history as the most important risk factor for diabetes [40] . Conversely, in this study, individuals without a family history were less aware of heredity and predisposition as a cause of diabetes at baseline, but their perception increased post-intervention.
Previous studies indicate that advising participants of their familial risk does not lead to sustained psychological harm [13] [14] [15] . In this study, those receiving general information had more worries than those receiving additional information related to familial risk. This suggests that explaining the role of familial risk raises understanding of the risk and moderates worries about diabetes risk.
Individuals without a family history
It has been shown that a (favourable) negative test result on a screening for having type 2 diabetes does not lead to false reassurance, as demonstrated by no decrease in perceived diabetes risk, behavioural intentions, and selfrated health [20] . It might be anticipated if participants have no family history of diabetes, giving information about the significance of familial risk will lead to a decline in these participants' perceived diabetes risk and adherence to risk-reducing behaviour [19] . However, there was no such false reassurance in this study, as indicated by no effect on risk perception and risk-reducing behaviour by participants without family history of diabetes.
Strength of this trial was that the participants were not aware of being selected on their diabetic family history, as this attribute was identified before the study. Further, there is no item non-response, since participants are obliged to give an answer to each question in order to complete the web-based questionnaire. A further strength is that the random sample was representative of the Dutch population with respect to sex and education, as these numbers were compared with data about the Dutch population [41] . However, the study population did not represent the ethnic mix of the Dutch population and reflected individuals with a BMI ≥25, therefore one should be cautious when generalizing these findings to the broader community. As the Diabetes Risk Test, used in this study, did not accurately predict the diabetes risk of non-Caucasian individuals, these minority populations were excluded from the study. Another limitation of the study is that self-reported measures were used for the behavioural outcomes; nevertheless all such measures were validated instruments. Objective measures, such as data from biomarkers or accelerometers were not feasible in this online research panel.
Conclusions
Although there was generally no clear improvement in risk-reducing behaviour, the intervention improved dietary fat intake among lower educated participants. Often interventions to improve health behaviours widen the social inequality in health, i.e. low-educated individuals show more unhealthy behaviour [34] . However, this low-cost diabetes prevention tool with integrated familial risk information did show improved health behaviour among the subgroup of individuals at greatest need of preventative care. Conversely, a drawback of using web-based information is that it might lead to a selected utilisation. Younger, higheducated, employed, and healthier people have better access to internet and are more interested in health risk information [42] . The challenge is now to get individuals who would benefit the most to complete a diabetes prevention tool on the internet. Reassuringly, the incorporation of familial risk appears to reduce worry related to diabetic risk assessment. This would suggest a benefit from including familial risk identification in chronic disease assessment. Furthermore, incorporating familial risk identification into a diabetes prevention program does not lead to false reassurance in individuals identified without relevant family histories. In terms of identifying individuals at high diabetes risk, a detailed family history questionnaire identifies more individuals at familial risk than a simple enquiry and can contribute to a more correct familial risk identification in chronic disease assessment.
Additional files
Additional file 1: Table S1 . Differences in provided familial risk assessment information between the control and intervention group.
